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The best way to quantitate venous reflux is still a matter of debate. Duplex-derived valve 
closure times (VCTs) have been used recently because they can be measured easily. We 
examined the relationships between VCT and duplex-obtained quantitation of venous 
volume and between VCT and air plethysmography (APG). Sixty-nine legs in 45 patients 
with varying clinical degrees of chronic venous insufficiency were studied by duplex scan 
and APG. VCTs were compared with duplex-derived flow calculations and with APG- 
derived venous filling index and residual volume fraction. The patients' mean age was 
47.5 + 13.9 years; the mean duration of their symptoms was 13 _+ 4 years. Twenty percent 
had a history of deep venous thrombosis, and 29% had undergone venous surgery. No 
correlation was found between VCT and flow volume or between VCT and flow at peak 
reflux at any of the anatomic locations studied: saphenofemoral junction, greater 
saphenous vein, lesser saphenous vein, superficial femoral vein, profunda femoris vein, and 
popliteal vein. Likewise, no correlation was found between total VCT and APG-derived 
venous filling index or between total flow volumes and APG-derived residual volume 
fraction. Total VCT and total flow volumes did, however, have a moderate correlation 
(r = 0.65; p = 0.0003). Duplex-derived VCTs, although extremely useful in determining 
the presence of reflux, do not correlate with the magnitude of reflux, and should not be 
used to quantitate the degree of reflux. (J VASC SURG 1996;23:606-10.) 
Valvular reflux is the most common cause of 
chronic venous insufficiency.l 4 Although a number of 
noninvasive methods effkctively screen for the pres- 
ence of reflux, methods fbr quantifying reflux are still 
debated, s9 Duplex-derived measurement of valve 
closure (reflux) time (VCT) recently has been used 
because it can be measured easily. 4'7~ The problem is 
that abnormal VCTs may vary widely and do not 
discriminate between clinical stages II and II I  of 
chronic venous insufficiency. ~~ Furthermore, VCTs 
do not necessarily normalize after deep venous recon- 
struction despite obvious clinical improvement. ~~ 
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Although the term VCT is used, it must be recognized 
that severely scarred postthrombotic valves may never 
close, and therefore the duration of reflux rather than 
the time to actual closure is measured. 
We explored the relationship between VCTs and 
other duplex-derived measurements of reflux vol- 
umes in patients with chronic venous insufficiency 
and attempted to determine whether a correlation 
exists between total VCT (tVCT) and venous filling 
index (VFI) obtained from air plethysmography 
(APG), and between total volume refluxed (tFlow) 
and APG-derived residual volume fraction (RVF). 
METHODS 
Sixty-nine legs in 45 patients with varying clinical 
degrees of  chronic venous insufficiency were exam- 
ined prospectively with duplex scan and APG. Regres- 
sion analysis, scatter plots, and analysis of variance 
were then used to explore the relationships between 
VCT, flow measurements, and APG variables related 
to reflux (VFI) aaad ambulatory venous pressure 
(RVF). 
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Fig. 1. Typical Doppler spectral analysis ofvalvular reflux. VCT, (in seconds); TA MEAN, (total 
mean velocity in cm/sec); VOLUME, (total refluxed volume in ml/min); PEAKMEAN, (peak 
mean velocity in cm/s). 
Duplex scan measurement o f  VCTs. A color 
duplex scanner (ATL Laboratories; Bothell, Wash.) 
equipped with a linear-array 10-5 MHz probe was 
used to measure VCTs with the technique originally 
described by van Bemmelen et al.7 All measurements 
were made with patients tanding while holding onto 
a metal walker to support most of their weight on the 
contralateral leg. The performance of measurements 
with the patient standing gives vcin diamctcr mca- 
surcmcnts that likely approach physiologic onditions 
under which reflux normally occurs (walking and 
standing). A pneumatic uff connected to an auto- 
matic cuff deflator (Hokanson Inc.; Issaquah, Wash.) 
was applied around the calf at 120 mm Hg and 
above the knee at 80 mm Hg. Thc saphcnofcmoral 
(SFJ), proximal greater saphenous (GSV), superficial 
femoral (SFV), profunda femoris (PFV), popliteal 
(PopV), and lesser saphenous (LSV) veins wcrc se- 
quentially examined. The distance between the cuff 
and the transducer is always <5 cm. Normal reflux 
time with this technique is <0.5 seconds. 10 Incompe- 
tent veins were studied by measuring their diameter; 
the Doppler sample volume then was adjusted to 
insonate the whole lumen of the vessel. With the 
patient standing still, the pneumatic uff was inflated 
to the set pressure and rapidly deflated to allow reflux 
to occur. The flow spectra were then recorded (Fig. 
1 ). The following variables were obtained. 
1. VCT (in seconds): duration of  venous flow 
proximal to the area of rapid pneumatic uff 
deflation and obtained from the time scale at 
the bottom of the frame (Fig. 1). 
2. Time average velocity (in cm/scc): calculated 
by systems soft'ware on the basis of reflux 
spectrum and the angle of insonation (60~ 
3. Time average flow volume (in ml/min): time 
average velocity • 60 sec • cross-sectional area 
(in cm2). 
4. Peak mean velocity (in cm/scc): calculated by 
systems oftware when cursor is at the point of 
peak reflux. 
5. Flow at peak reflux (in ml/sec): peak mean 
velocity x area. This represents he total reflux 
flow occurring in the first second of reflux. 
To lessen the effects of individual variations in 
measurement, all measurements and calculations 
were obtained in triplicate and an average was ob- 
tained. 
APG. APG was pertbrmed as described by Chris- 
topoulos et a1.11 Readings are taken first with the leg 
elevated 45 degrees to obtain baseline values. The 
patient then stands quickly while holding on to a 
metal walker, so that the weight of the body is 
supported on the contralateral leg. Venous filling of 
the leg is then recorded continuously, until a plateau 
is reached, which constitutes the functional venous 
volume (VV). The time to reach 90% of VV is defined 
as VFT90. VFI is defined as 90%VV + VFT90 (in 
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Table I. Valve closure time versus flow volume 
Valve VCT (see) Flow volume (ml/min) r p 
SFV 5.67 + 0.80 271 + 35 0 .47 0 .09 
PopV 6 .56  + 0.64 404 + 79 0.08 <0.01 
PFV 3 .30 + 0.30 159 -+ 29 0.95 0 .07  
SFJ 6 .46  + 0.47 369 + 78 0 .03 <0.01 
GSV 6.73 +- 0 .47 184 + 26  0 .04  <0.01 
LSV 8.87 + 1.13 95 + 25 0 .04  <0.001 
Table II. Correlations between tVCT, tFlow, 
VFI, and RVF 
tVCT (see) RVF (ml %) 
15.99 + 1.09 27 .17  + 3.36 
VFI (ml/sec) r = 0 .16 
5.99 + 1.33 p = 2.41 E-05 
tFlow (ml/min) r = 0 .65**  r = 0 .06  
597.33  + 77 .56  p = 0 .00032 p = 0 .0367 
ml/sec). Normal VFI is usually <2 ml/sec} 1 The 
RVF has been shown to correlate with ambulatory 
venous pressure} z'~3 It is derived from the ratio of the 
volume left in the leg after 10 tip-toe exercises 
(residual volume; RV), and the functional VV: 
RVF = RV + VV x 100. Normal RVF is in the range 
of 0% to 25%. APG reflects changes that affect volume 
changes in the calf. When abnormal VFI is present the 
test is repeated with a superficial tourniquet to assess 
the contribution of the superficial venous ystem. 
RESULTS 
Twenty-one men and 24 women (69 legs) were 
examined with both duplex scan and APG. Mean age 
was 47.5 + 13.9 years, and mean duration of symp- 
toms was 13 + 4 years. Fourteen legs (20%) had a 
history of deep venous thrombosis, and 29% had 
undergone venous surgery (ligation and stripping, 
23%; deep venous reconstruction, 6%). 
No correlation was tbund between VCT and flow 
volume (Table I) or between VCT and flow at peak 
reflux at any of the individual anatomic locations 
examined in the superficial system (SFJ, GSV, LSV) or 
the deep system (SFV, PFV, PopV). Likewise, no 
correlation was tbund between tVCT (tVCT = SFV + 
PFV + PopV + GSV + KSV + SFJ) and APG-derived 
VFI, or between tFlow and APG-derivcd RVF (Table 
II). RVF was shown to correlate to ambulatory 
venous pressure by Welkie et al.,~3 but only in patients 
without proximal venous outflow obstruction. In 
patients with significant venous outflow obstruction, 
RVF and ambulatory venous pressure have a poor 
correlation. When tVCT was subdivided into deep 
VCT (dVCT = SFV + PFV + PopV) and superficial 
VCT (sVCT = SFJ + GSV + LSV), no correlation 
was found between dVCT and VFI with tourniquet 
(VFIt), or between sVCT and delta-VFI (dVFI = 
VFI -VF I t ) ,  although the number of patients who 
underwent VFI with a tourniquet was small (because 
of earlier stripping or normal VFI). An interesting 
observation was that in some patients, the VFh was 
worse than the VFI. The precise reason for this is not 
known. 
Although there was a trend of worsening tVCT 
and VFI with increasing clinical severity, absolute 
VCT and clinical grade had poor correlation and had 
a large overlap. These findings are in agreement with 
previous work at our institution by Iafrati et a1.,1~ who 
showed that neither VCT nor APG was capable of 
discriminating between class II and class III patients. 
Although no correlation could be demonstrated 
between VCT and flow volume at each particular 
anatomic site (Table I), there was moderate correla- 
tion between tVCT and tFlow ( r = 0.65, p -- 0.0003 ). 
D ISCUSSION 
Proper evaluation of patients with chronic venous 
insufficiency requires ( 1 ) noninvasive tests capable of 
selecting patients who may benefit from venous 
surgery, (2) the ability to follow venous hemodynamic 
changes over time and before and after surgery, and 
(3) the availability of  noninvasive, reliable predictors 
of healing. Part of the problem has been the lack of  a 
venous physiologic test to match the sensitivity and 
specificity of Doppler pressures and pulse-volume 
recordings in arterial disease. Because the most com- 
mon cause of chronic venous insufficiency is reflux 
across venous valves, it seems logical to assume that 
the magnitude of reflux plays a significant role in the 
physiologic hanges resulting in symptoms. One must 
remember, however, that other factors, such as out- 
flow obstruction, efficiency of the calf venous pump, 
and underlying conditions uch as congestive heart 
failure may also play a significant role in some patients. 
VCTs are used to establish the presence of reflux, 
but do they actually reflect the magnitude of  such 
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Fig. 2. Individual VCTs do not adequately reflect actual volumes refluxed across venous valves. 
A large volume may refux over a short period of ti,ne (A), or a small volume may reflux over a 
long period of time (B). 
refux? Our study attempted to answer this question, 
taking advantage of the ability of duplex scan to 
calculate blood velocity and blood flow volumes, and 
correlating it to VCTs and to an independent tech- 
nique of quantitating reflux, APG-derived VFI. The 
ability of duplex scan to accurately calculate flow 
volumes has been demonstrated in a phantom model 
by Beckwith et al. 14 
Our findings suggest that individual VCTs do not 
accurately reflect he magnitude ofrefluxed volume in 
a leg; a large amount may reflux over a short period of 
time (Fig. 2A), or a small amount may reflux over a 
long period of time (Fig. 2B). When tVCT is taken 
into account, however, it has a moderate correlation 
with the total flow, suggesting that tVCTs are a better 
index than individual VCT values or even VFI. ~s 
Another potential problem that plagues the deri- 
vation of  reflux volumes to estimate actual flow 
volumes is that compliant vessel walls in a patient with 
primary valvular insufficiency will behave differently 
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than less-compliant vessel walls in a patient with 
severe postthrombot ic  syndrome. 
CONCLUSION 
Commonly  used techniques to assess reflux, such 
as VCT and VFI ,  do not  appear to correlate with 
refluxed volumes across venous valves. A recent report  
by Araki et al.~6 showed that in some patients with 
ulcers, increased RVF was caused by reduced ejection 
fraction rather than increased VFI.  A l though useful 
for screening, their role as predictors o f  healing is 
doubtful;  this observation is supported by the wide 
range of  variability after deep venous reconstruct ion 
despite obvious clinical improvement.  
The addit ion o f  a tourniquet  to evaluate the 
contr ibut ion of  the superficial system during APG did 
not  lead to the identif ication o f  patients with isolated 
superficial insufficiency and did not  correlate with 
refluxed volumes. This may reflect the tourniquet 
technique (Penrose drain). Perhaps the tourniquet  
was not  t ight enough to occlude the superficial veins. 
The use o f  a pneumatic tourniquet  may allow for 
more accurate, reproducible occlusion o f  the super- 
ficial veins. It is also possible that with the superficial 
veins occluded by tourniquet,  more b lood volume is 
refluxed through the deep system. Finally, the above- 
knee tourniquet does not el iminate the contr ibut ion 
to reflux o f  incompetent  perforat ing veins. 
These findings may have important  clinical impli- 
cations, particularly with regard to patient selection 
l~br deep venous reconstruct ion and subsequent l~bl- 
low-up. A l though VCTs may be used to determine 
whether patients have significant reflux, patients in 
whom surgery is being contemplated should undergo 
ascending and descending phlebography. Further  
studies are warranted because at this t ime no test is 
capable o f  identifying patients who will not  progress 
from class I I  to I I I  or selecting those whose ulcers will 
heal after conservative versus surgical treatment. 
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